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Work started on this project on January l, 1999, the first year of the grant. Following the outline of

the grant proposal, a simulatiorL architecture has been established which can incorporate the variety of types

of models needed to accurately simulate national airspace dynamics. For the sake of efficiency, this

architecture was based on an e_tablished single-aircraft flight simulator, the Reconfigurable Flight

Simulator (RFS), already developed at Georgia Tech. Likewise, in the first year substantive changes and

additions were made to the RF_ to convert it into a simulation of the National Airspace System, with the

flexibility to incorporate many types of models: aircraft models; controller models; airspace configuration

generators; discrete event gene_-ators; imbedded statistical functions; and display and data outputs. The

architecture has been developed with the capability to accept any models of these types; due to its object-

oriented structure, individual simulator components can be added and removed during run-time, and can be

compiled separately. Simulation objects from other projects should be easy to convert to meet architecture

requirements, with the intent that both this project may now be able to incorporate established simulation

components from other project_, and that other projects may easily use this simulation without significant

time investment.

In year two of the project, several agent models were created, including:

• Point-mass aircraft models which follow waypoints.

• A Random-Aircraft-Generator, which can place aircraft at departure points and airspace entries

according to pre-specified probability distributions for arrival rate and speed.

• Generic controller models, which control aircraft within a defined airspace sector, giving them steering

commands to meet spacing constraints, and then 'pass-off' aircraft to neighbouring controllers upon

exit from their airspace. These models, at this time, follow normative models of behavior; however,

their structure allows for m_re elaborate behavioral models to be implemented if desired in the future.

• Error-Prone Controller Models, which add to the generic controller model the ability to pre-specify

omissions of, or deviations from, actions required by normative behavior. At this time, for example, a

model is being tested in which the controller 'forgets' about one aircraft, thereby not giving it steering

commands, allowing for examination of the effect such an error - if not caught - has on the national

airspace system throughout time. For Monte Carlo simulation runs, these errors are triggered at random

times involving random controllers and random aircraft.

• Imbedded statistical functions, which can monitor air traffic flow specifications and safety

requirements, and provide, at the end of the simulation run, documentation of the timing and frequency

of events, average and vari_nce of continuous measures, and confidence intervals for these statistics.



Otherfunctions,suchashypothesistestingfunctions,arealsounderdevelopment.For example,we

nowkeeparunningconfidenceintervalof theprobabilityof anincident(pooraircraftseparation)

occurring;thisconfidenceinterval is updatedaftereachaircraftarrivesatthegate.

Dataanddisplayoutputfeatures,whichprovidevisualreferenceof objectbehaviourduringsimulation

runsandtestingof newcomponents.Becauseof themanydifferenttypesof behaviourscaptured

within thesimulation,severaltypesof outputaregiven- dataintensivefile generation;an 'Aircraft

SituationDisplay (ASD)' fi)r monitoringthetrajectoriesof theaircraft;andtext screensfor monitoring

thediscreteeventsgeneratedby someof themoduleslistedabove,aswell aseventsdetectedby the

statisticalfunctions.

In theperiodcoveringtlis report,severalactivitieshavebeencompleted.The first wasto improve

the 'StateUpdater'objectsothatit is amorerobustandeasyto usefacetof simulation,suitablefor wide-

spreaduse. Onespecificcapabilityweaddedto thisobjectis to makeit capableof re-synchronizingafew

specifiedmoduleswithin thesimulationat atime; with thisability, resynchronizationswill not beblindly

appliedto theentiresimulation.This effort requiredsubstantialre-writingof the 'StateUpdater'object; it

requiredcarefuldefinition of whenresynchronizationsarecalledandonwhatbasis.

Second,theconceptof esynchronizationis sonovelthatthetiming of resynchronizationsis not

well understood,andcurrentlyis beingimplementedin anadhoc,overly-conservativemanner,with

resultinglossof computationalefficiency. Therefore,wedevelopedastructuredmechanismfor

establishingwhenthesimulationshouldbe re-synchronized.Thismechanismincludesboth theoryand

guidelinescommunicableto thusimulationcommunity,aswell asspecifictoolswithin the simulation

architecturecapableof betterprojectingwhenresynchronizationsarenecessary.Specifically,we

implementedaneuralnetworkarchitecturefor monitoringthetiming of interactionsbetweenagentswithin

thesimulation. Throughoutsirmlation runs,thisarchitecturetrainsitselfon theemergentdynamicswithin

thesimulationandlearnsto predictwheninteractionsshouldoccur. Onceit is trained,this network

providesacomputationallyefficient mechanismsfor predictingwheninteractionswill occurthat is tuned

to theparticularconfiguration_mdscenarioof the immediatesimulation.

Third, our simulationdevelopmentshavebeen,andcontinuedto be,usedby otherresearchers

within NASA's Aviation SafetyProgram.To assistin their efforts,wehavecontinuedto provide,within

thepersonalservicestimecoveredby thegrant,documentationandsupportof our simulationsoftware.

Specifically thedevelopmentit_cluded:



• Implementation of tlLA RTI in RFS to support linking our simulation to the MIDAS

framework used by ._ther researchers within the aviation safety program;

• Working with ATAC to develop the enroute sector scenario involving air-traffic controller

agents, pilot agents, aircraft, communications, and surveillance agents. Our developments

included the commt nication and surveillance agents, with assistance to didn't the other agents.

• Development of a measurement management object capable of assessing interaction times

between agents.


